It has been shown recently that aureomycin, chloramphenicol, and oxytetracycline interfere with the bactericidal action of penicillin against hemolytic streptococci and enterococci (Jawetz, 1952) . The figure 1 . With penicillin alone, in a concentration of 0.1 unit per ml, the characteristic increase in turbidity during the first few hours is clearly shown, followed by rapid lysis which was maximal at ten hours. The addition of increasing concentrations of chloramphenicol from 10 through 80.ug per ml caused a progressive delay in lysis of the organisms. With concentrations above 80 jug per ml, i.e., 200 and 500 jg, the lysis curve was identical with that caused by 80 ,ug. Associated with the delay in lysis there was a progressive increase in turbidity so that with the higher concentrations of chloramphenicol (80 ,ig per ml or more) the maximal turbidity was greater than with penicillin alone. The results with aureomycin and oxytetracycline were similar to those produced by chloramphenicol. One to 10 jig per ml of these antibiotics altered the lysis curves to approximately the same extent as 10 to 80 Mug per ml of chloramphenicol. Higher concentrations o aureomycin and oxgteyclie could not be studied because color changesii by these antibiotic i ted the turbidity readings. Changes in color when aureomycin and oxytetracycline are incubated in broth also have been-noted by Jackson and Finland (1951). nrd to correlate these observations with viability studies, plate counts were performed at ANTIBIOTICS ON LYSIS OF S. AUREUS figure 1 with the number of viable organisms at various intervals. The delay in lysis observed when both antibiotics were present was associated with a marked decrease in the rate of killing. Time relationships were studied then. The effect on the lysis curves of adding chlorampheni- col 80 ,ug per ml one-fourth, one, and two hours later than penicillin is shown in figure 3 . Briefly, interference with the typical penicillin curve became progressively less marked as the time interval increased. At 2 hours the curve was similar to that produced by penicillin alone although a greater amount of lysis was produced by the combination. This observation was confirmed on many occasions, and its explanation is not entirely clear. When the situation was reversed, i.e., when penicillin was added onefourth, one, and two hours after chloramphenicol, the curves became progressively more characteristic of those produced by chloramphenicol alone. The results of this last procedure are not shown in the figure.
DISCUSSION
Rerkable alterations in the typical swelling and lysis of S. aureus in the presence of penicillin have been found to occur in the present studies when the bacteria are exposed to combinations of antibiotics. With Muckenfuss, 1927) and pneumococci (Avery and Cullen, 1923) .
The present studies were carried out following the demonstration by Jawetz that aureomycin, oxytetracycline, and chloramphenicol interfere with the bactericidal action of penicillin against hemolytic streptococci and enterococci (Jawetz, 1952) . These results with S. aureus confirm those of Jawetz in all respects, including the observations concerning the effects of adding the antibiotics at different time intervals. The chief differences are concerned with the unique swelling and lysis which characterize the response of S.
aureus.
The nature of the interference of the broad spectrum antibiotics with the action of penicillin is unknown. It is of interest to note that the effect of adding chloramphenicol to a low concentration of penicillin appears to be identical with that of adding a much larger amount of penicillin. With 100 units per ml of penicillin, for example, swelling and lysis are delayed and staphylococci die at a much slower rate than with 0.1 unit per ml of penicillin (Kirby, 1945) . This so-called "zone phenomenon" has been studied extensively by Eagle and Musselman (1948) and has been found to occur with a number of bacteria.
